Background: Advanced colorectal has poor survival and are difficult to treat. Therefore, there is an urgent need for biomarkers to diagnose this cancer at earlier manageable stages. Micro-RNAs (miRNAs) are amongst the most significant biomarkers that have shown promise in improving management and early detection of different types of cancers. However, since MiRNAs are non-coding, the main limitation of using them as biomarkers is that they do not have associated phenotype and therefore difficult to validate using other techniques. This makes it difficult to understand the mechanism of miRNA is disease initiation and progression, therefore any methodology that can provide semantics to miRNA expression would enhance the understanding of the role of miRNA in disease. Methods: Here we report an integrative meta-analysis and bioinformatics methodology that showed microRNA-21 and its associated target mRNA to be the most significant predictive biomarkers for colorectal adenoma and adenocarcinoma. After drawing key inferences by meta-analysis, the authors then developed a bioinformatics method to identify mir-21 gene targeting in a specific tissue using two different bioinformatics approaches; absolute GSEA (Gene Set Enrichment Analysis) and LIMMA (Linear Models for MicroArray data) to identify differentially expressed genes of miRNA-21. Results: Results from GSEA intersection with mir-21 gene targets was a subset of longer gene list that was obtained from the GEO2R intersect. In our study, both of longer GEO2R gene target list and the more focused GSEA list established the fact that mir-21 target numerous functional pathways that are mostly interconnected. Our three steps bioinformatics approach identified ABCB1, HPGD, BCL2, TIAM1, TLR3, and PDCD4 as common targets for mir-21 in both of adenoma as well as adenocarcinoma suggesting they are biomarkers for early CRC. Conclusions: The approach in this study proposed combining the big data from the scientific literature together with novel bioinformatics to bring about a methodology that can be used to first identify which microRNAs are involved in a specific disease, and then to identify a panel of biomarkers derived from the microRNAs target genes, and from these target genes the functional significance of these microRNAs can be inferred providing better clinical value for the surgeon.
Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide and the fourth most common cause of mortality [1, 2] . Compared to early stage, response to treatment and survival of advanced stage colorectal cancers remains poor, with 5-year survival rates of patients dropping from 50% to 10% in more advanced cases [3] . Surgical tumour resection remains the cornerstone of curative therapy for locally advanced colorectal carcinoma, with no curable treatments for the metastatic tumours that are unable to be surgically removed and in which the chemotherapy and radiation have proven to be less effective [4] .
The inner epithelial lining of colorectal tissue is derived from endodermal cell of origin and turn in to adenocarcinoma upon continuous https://doi.org/10.1016/j.ijsu.2019.11.017 Received 30 August 2019; Received in revised form 12 November 2019; Accepted 14 November 2019 accumulation of genetic and epigenetic abnormalities. Quantitative analysis of CRC has estimated a large window of around 10 years between occurrence of first mutation in stem cells transforming to malignant cells, and an additional 5 years thereafter for these neoplastic cells to obtain metastatic abilities [5] . In addition, 30-40% of patients develop recurrent disease following post-curative treatment [6, 7] .
Micro-RNAs (miRNAs), small non-coding RNAs of size 19-25 nucleotides [8] , are amongst the most significant biomarkers that have shown promise in improving management and early detection of different types of cancer owing to their short structure making them amenable to degradation [9] . These oncogenes are highly expressed in cancer tissue and are secreted, embedded in exosomes, into body fluids such as serum and urine [10] .
Amongst the many miRNAs, the role of mir-21 has been associated with different cancers, including CRC [11, 12] . When compared with normal tissue, expression of mir-21 is found to be significantly higher in colorectal cancer tissue. Nevertheless, this expression is associated with inconsistent cancer prognosis and survival reports [13] . Although role of different miRNAs such as mir-21 have been examined in different systematic reviews and meta-analysis, these investigations focused on reporting or combing the outcomes and less attention has been paid to variabilities that were present in data and methodology used. Additionally, in the current literature there is an uncertainty about the function and gene targeting capability of miRNAs. For instance, there is scarce information on how a higher expression of certain miRNA could lead to a better or worse outcome. However, since miRNAs are noncoding, the main limitation of using them as biomarkers is that they do not have associated phenotype and therefore difficult to validate using other techniques. This makes it difficult to understand the mechanism of miRNA in disease initiation and progression, therefore any methodology that can provide semantics to miRNA expression would enhance the understanding of the role of miRNA in disease.
Although prognostic value of different miRNAs including mir-21 have been highlighted through previous systematic reviews and metaanalyses, however these investigations did not identify the downstream gene targets for these non-coding biomarkers and therefore the predictive accuracy of mir-21 as a biomarker will vary significantly in a heterogeneous disease such as CRC.
In this study an integrative meta-analysis followed by bioinformatics methodology were applied to identify predictive biomarkers for CRC. The systematic review and meta-analysis were conducted to quantitatively determine the prognostic significance of serum mir-21 expression signatures in CRC. This was followed by applying in silico bioinformatics methodology to determine how miRNA mechanistically leads to disease. This research further investigated what happens when they become deregulated, and to investigate different levels of gene expression of mir-21 gene targets across different tissues of normal, adenoma and adenocarcinoma. The findings of this research can potentially be applied to study the role of different miRNAs in other cancers.
Methods
A systematic review was conducted exploring the prognostic biomarkers for CRC, and from this review mir-21 was identified as a valuable biomarker. Owing to non-coding nature of microRNA a strategy was devised to identify the mir-21 gene targets in CRC. In the first part of this investigation a mir-21 systematic review and meta-analysis was conducted, and in the second part gene target analysis for mir-21 was carried out using bioinformatics ( Fig. 1 ).
Meta-analysis
This systematic review and meta-analysis was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [14] and Assessing the methodological quality of systematic reviews (AMSTAR) guidelines to determine the prognostic significance of serum microRNA-21 expression signatures in CRC.
The MeSH terms serum/tissue, microRNA-21, prognosis, and colorectal cancer was used in the databases of Medline, Wiley online library, Cochrane library, Taylor and Francis Online, CINAHL, Springer, Proquest, ISI Web of knowledge, ScienceDirect, and Emerald for fulltext English original research studies published during 2010-2017. During the search process, the following inclusion criteria were considered if the studies [1] ; were conducted on the patients with CRC [2] ; were performed on both the control and experimental cohorts of patients [3] ; measured the expression of miR-21in serum or tissue [4] ; investigated the association between miR-21 expression levels and prognosis of cancer or survival from cancer with hazard ratio (HR), and [5] Hazard ratio adjusted using multivariate cox regression analysis. Studies that investigated the prognostic significance of expression of miR-21in serum or tissue of the patients without CRC with normal subjects were excluded from the search. The review and editorial articles, letters to editors, brief communication, short communications and personal opinions and commentaries were also excluded.
Quality assurance
Two independent reviewers (N.S.A. and F.S.A.) objectively reviewed the selected studies and reached consensus by matching the inclusion criteria and MeSH terms. Data were extracted and organized according to the following criteria: first author, year of publication, country of origin, location of cancer, sample size, nature of sample whether serum or tissue, method of testing circulating miR-21, methods of normalization, HR of circulating miR-21 for overall survival (OS), and diseasefree survival (DFS) as well as their corresponding 95% confidential interval (CI) to calculate the standard error (SE) as shown in (Table 1 ).
Statistical analysis
Meta-analysis was conducted by the Forest plot that graphically presents the consistency and reliability of results of the selected studies. The Forest plot was designed by following the steps recommended by Neyeloff et al. [26] , where the effect size of each study is computed as an outcome and the pooled effect summary is calculated to observe the heterogeneity across studies. The Q test is the tool used for verifying heterogeneity with the null hypothesis that all studies are identical. In addition, the I squared (I 2 ) statistic is used to ensure the quantity of heterogeneity in percentages and the consistency data from the selected studies [27] . After carefully analyzing the heterogeneity, next step was to apply appropriate effect summary model fixed effects or random effects model. The selected studies were analyzed through Review Manger 5.3 software developed by the Cochrane Library [28] and the level of significance was considered as 5% (p < 0.05). All HRs and 95% CI were calculated following Tierney's method and the log HR and standard error (SE) were used for the aggregation of survival results. Generally, an observed HR of > 1 implied worse survival [29] .
Patients sample selection from publicly available data
The publicly available microarray datasets for colorectal adenocarcinoma (accession number: GSE20916, GSE21510, and GSE23878) and colorectal adenoma (accession number: GSE8671 and GSE14580) were obtained from National Center for Biotechnology Information Gene Expression Omnibus (NCIB GEO, http://www.ncbi.nlm.nih.gov/ geo).
In this study we referred to non-cancerous tissue as that which is adjacent to adenocarcinoma area, and we referred to non-adenomatous tissue as that which is adjacent to adenoma area. From the colorectal adenocarcinoma datasets, a total of 249 different patient samples were identified, 73 normal colon (taken from non-cancerous areas of CRC patients) and 176 adenocarcinomas patients. From the adenoma datasets, a total of 70 different patient samples were identified, 32 adenoma tissue and 38 normal colons (taken from non-adenomatous tissue of patients with adenomas).
The target genes of the miRNA identified through bioinformatics
After drawing key inferences by meta-analysis, the authors then developed a bioinformatics method to identify mir-21 gene targeting in a specific tissue using two different bioinformatics analysis approaches; GSEA (Gene Set Enrichment Analysis) and LIMMA (Linear Models for MicroArray data) to identify differentially expressed genes of miRNA-21.
Firstly, a list of computationally predicted and experimentally validated gene targets were obtained from four different microRNA target databases. To obtain the gene targets for the miRNA identified from the meta-analysis, TargetScan, MiRDB, and Miranda databases were accessed. The top 25% target genes were retrieved from each database and the intersection results of these three databases were added to the experimentally validated gene targets provided by the fourth database, mirTarBase. These gene targets were then further validated by transcriptomics analysis using microarray database source.
Secondly, gene expression analysis was carried out. Here two alternatives tools were proposed for identification of differentially expressed genes (DEGs) in colorectal adenocarcinoma.
The first tool utilized the GEO2R publicly available source to generate an overall gene target list for mir-21, whereas the second tool utilized a modified gene set enrichment analysis (GSEA) method designed to generate more focused list of gene targets.
GEO2R
For colorectal adenocarcinoma dataset (GSE20916), the differentially expressed genes (DEGs) between CRC and normal colon from noncancerous areas of CRC patients were analyzed separately using the interactive and publicly available web tool GEO2R (https://www.ncbi. nlm.nih.gov/geo/info/geo2r.html). GEO2R performs comparisons on selected cases using the GEOquery and limma R packages from the Bioconductor open source software. Correction for false positive results was performed using the Benjamini & Hochberg false discovery rate method which is selected by default in GEO2R. The output results of GEO2R analysis was arranged according to P-value (smallest to largest) and logFC (largest to smallest) and all DEGs that remained significant were selected.
GSEA
For comparison of GEO2R results, we repeated colorectal gene expression analysis using previously published method of GSEA [30] . Briefly, data were first normalized using MAS5 and gcRMA normalization methods, filtered using two non-specific filtering methods to eliminate the non-expressed and non-variant genes, and then results of two filtering methods were intersected to obtain a common set of variant genes. Normalized and filtered genes were used to analyse the following 3163 gene sets; hallmark gene sets, C2-curated gene set, and C5-biological process and C5-molecular function from Gene Ontology (GO). The list of genes that were repeated more than three times in the said gene sets were selected and used in transcriptomic analysis following the approach of Hamoudi et al. [30] . This GSEA analyses were performed using in-house scripts written in R [30] . Compared to the standard GSEA identifying either the up or down regulated genes, our GSEA method isolated both the up and down gene regulations by including additional step of absolute GSEA [31] . Process of gene target identification and transcriptomic analysis displayed in Fig. 2 .
Thirdly, for the transcriptomic validation, DEGs lists obtained from two methods of GEO2R and GSEA analysis were intersected with the mir-21 gene target list obtained earlier from four different miRNA gene target databases.
Results

Meta-analysis
During initial search, 430 articles of CRC were retrieved, later, during the review of titles and abstracts, 375 studies were excluded as they were found to be irrelevant. Only 55 studies were found to be relevant as they empirically explored the prognostic significance of serum microRNA-21 expression signatures as effective biomarker in colorectal carcinomas. During the full text analysis of these 55 relevant studies, 44 were furtherer excluded due to incomplete data that could not fulfil the required criteria. Finally, a total of 11 relevant studies were selected for this meta-analysis. Fig. 3 shows the flow chart for process of study selection, while Table 1 shows the characteristics of the studies selected for this systematic review and meta-analysis. The pooled HRs for the two outcomes of OS and DFS were measured separately using the random model effect. The results of the analysis for patients with CRC indicated that while high value of micoRNA-21 was significantly linked to worse OS with the pooled HR of 1.75 (95% CI 1.23-2.51, p value of 0.001), this overexpression and DFS outcome link was not significant with pooled HR of 1.21 (95% CI 0.91-1.60, p value of 0.19), and only showed a trend toward worse relapse rate. The forest plots for OS and DFS are presented in Figs. 4 and 5 , respectively.
Then a subgroup analysis was carried out to compare the prognostic value for mir-21 expression values obtained from tissue versus serum. In this meta-analysis most of specimens were obtained from tissue (12 out of 14 cohorts) and only two studies analyzed serum levels of mir-21. Serum expression of mir-21 showed a trend towards worse OS in CRC, but this association was not significant. In contrast to serum expression, increase in tissue expression of mir-21 was significantly associated with worse OS in CRC (pooled HR of 1.88; 95% CI 1.30-2.74 with a p value of 0.0009).
Lastly, a subgroup was carried out to pool HR for all studies that have used the qrt-PCR method of mir-21 analysis, excluding the few studies that have measured the mir-21 level using FISH or microarray techniques. The result of this subgroup analysis displayed that compared to earlier analysis conducted using all the 21 studies, filtering only studies with qrt-PCR (11 studies) maintained the significant association between mir-21 and worse OS, and decreased the level of heterogeneity from I 2 = 78% (P < 0.001) to I 2 = 63% (P=0.01). Results for all subgroup analysis are demonstrated in Table 2 .
Bioinformatics gene targeting method
A list of 141 computationally predicted and experimentally validated gene targets were obtained from TargetScan, MiRDB, Miranda, and mirTarBase microRNA target databases ( Fig. 6) .
Primarily, in order to compare the two methods of GEO2R and GSEA, the GSE20916 dataset of 24 normal colons from non-cancerous areas of CRC patients and 36 adenocarcinomas cases were selected and analyzed. In GEO2R analysis of this set, 9110 DEGs remained significant after all genes were arranged according to p-value and logFC and were intersected with 141 identified gene targets, resulting in a list of 85 genes. Next, GSEA analysis was performed with 3163 gene sets using in house software Database. In GSEA analysis, 615 DEGs were selected and intersected with 141 identified gene targets, resulting in a list of 17 genes. Result of GSEA intersect with mir-21 gene targets was a subset of longer gene list that was obtained from the GEO2R intersect.
Because the GEO2R method could not be used for more than one dataset and generated a longer gene target list, the remaining of analyses were conducted using the GSEA. In two separate analysis the CRC adenocarcinoma tissues were compared to the adjacent non-cancerous areas and the CRC adenoma tissues were compared to the adjacent nonadenomatous areas. Firstly, 140 adenocarcinoma and 49 normal adjacent tissues were obtained from two datasets of GSE21510, and GSE23878 and analyzed using GSEA. In this analysis, 904 DEGs were selected and intersected with 141 identified gene targets, resulting in a list of 17 genes. Following, combing the results of first GSEA using GSE20916 dataset (24 normal non-cancerous and 36 adenocarcinoma) and the second GSEA using two datasets of GSE21510 and GSE23878 (49 normal non-cancerous and 140 adenocarcinoma) generated a list of 27 unique gene targets. Following we wanted to use the selected 27 gene set for differentiating the adenoma from normal non-adenomatous areas cases using two datasets of GSE8671 and GSE14580, and also to differentiate the Duke I colorectal adenocarcinoma from the remaining cases staged II to IV using two datasets of GSE21510, and GSE23878.
In the earlier step, literature review and meta-analysis revealed that the mir-21 expression level was increased with progression of colorectal cancer, and it is expected that this microRNA regulated gene expression system by reducing the translation of 114 identified direct target genes. However, the GSEA revealed that among the differential expressed direct gene targets, not all were downregulated by mir-21 but we focused our results on the differentially down regulated target genes.
Running the GSEA using the identified microRNA 27 gene set, revealed that BCL2, TLR3, PDCD4, RASGRP1, ABCB1, and TIAM1 were down regulated in colorectal adenoma versus normal comparison (Fig. 7a ). Next, running the GSEA for adenocarcinoma versus normal analyses revealed that CLU, HPGD, TLR3, TIAM1, PDCD4, ABCB1, BCL2, and SMAD7 were down regulated in adenocarcinoma compared to normal (Fig. 7b) . Intersecting the downregulated genes in adenocarcinoma and adenoma showed that 6 genes were commonly targeted by mir-21. Finally, the GSEA for Duke I CRC versus Duke cases staged II to IV did not reveal any differentially expressed gene (P=0.42).
Discussion
Meta-analysis
Initially, a meta-analysis was carried out for better understanding of existing link between high mir-21 expression and patient's outcomes of relapse, i.e. DFS and overall survival. By this mir-21 meta-analysis the authors identified a large variation in microRNA assay methods ranging from source and type of specimen to quantification techniques. These method discrepancies are often overlooked by other meta-analyses, which tend to focus more on combining studies results and show the need for standardization of microRNA measurement. In this analysis the differences in sociodemographic and clinical characteristics such as disease stage were adjusted by including only studies with multivariate cox regression analysis. The pooled result showed that high mir-21 expression in CRC studies was significantly associated with poor OS, while DFS outcome varied greatly and did not show an identifiable link. Additionally, the prognostic value of miR-21 was compared between serum and tissue and was found that although the tissue expression from both CRC was connected to significantly poor OS, serum overexpression showed only a trend toward a poor OS, but this result was not significant because HRs varied greatly. The non-uniform multivariable adjusted outcomes with matching mir-21 source of either tissue or serum could have been influenced by presence of methodological variations. For instance, in CRC tissue subgroup, studies varied by kind of tissue, formalin-fixed, paraffin-embedded versus fresh frozen, and type miRNA measurements techniques (qrt-pcr, FISH, or microarray). Among studies following the qrt-pcr method, results could have varied because of non-standard technique, different machines, different endogenous control, variable cut-off value for miRNA, and different normalization method.
The measurement of miRNAs expression and their prognostic value could be affected by the normalization method. In our meta-analysis, the following endogenous control were used for tissue derived mir-21 qrt-PCR method: RNU6B (U6 snRNA) [25] and mir-16 [19] . To normalize the circulating mir-21, studies also used different methods ranging from exogenous control (cel-mir-39) [19] or endogenous control of mir-16. Although, lack of consensus exists regarding the selection of optimal normalizers of miRNA expression levels from both tissue and serum specimen, best results were obtained when first miRNA was normalized with respect to average value of more than one internal or endogenous controls, and second when exogenous control was used beside the endogenous one. Vandesompele et al. have argued that normalization using single gene lead to relatively large errors in significant proportion of sample tested, and have demonstrated that reliable normalization could be obtained by using geometric mean, rather than arithmetic mean, of carefully selected internal controls [32] . For miRNA assay, whereas internal control is used for control of sample quality, external controls are also needed to decrease technical variability as an spike-in method [33] . In this meta-analysis no study applied both endogenous and exogenous controls for normalization of mir-21 level.
Using bioinformatics to identify mir-21 target genes
MicroRNAs are involved in the posttranscriptional regulations via binding to the untranslated 3' part of messenger RNA. This information together with several other parameters are considered in microRNA databases such as TargetScan, MiRDB, and Miranda to predict gene targets for a specific microRNA. However, these databases utilize different algorithms and mathematical models and hence they predict different gene targets and scores for a named microRNA. Some of these computational predictions, even the highly scored targets, could be false positive and can only be confirmed experimentally, a laborious task and at present only few targets have been experimentally validated [34] . There is no evidence for superiority of any of these microRNA databases, therefore, in this analysis gene target prediction errors were reduced by taking intersection of named three computationally assessed databases. This result was added to gene target list that were obtained from a fourth experimentally validated database, mirTarBase and the final list were searched among differentially expressed genes that were obtained using two independent methods of GEO2R and GSEA. Subsequently, the differentially expressed genes in colorectal adenocarcinoma and adenoma were obtained using GEO2R and were validated with a second method, GSEA. Compared to GSEA, GEO2R method provides a simple publicly available tool that doesn't require additional skills such as knowledge of R language. The GEO2R, utilizes a limma package to generate an arbitrary list of differentially expressed genes, while GSEA genes are arranged according to known pathways or functions. Interestingly our result of GSEA intersect with mir-21 gene targets was a subset of longer gene list that was obtained from the GEO2R intersect. This approach could be applied for studying any other microRNAs association with a heterogeneous disease by using GEO2R publicly available method to get a broad but an inclusive gene targets, or apply our more advanced GSEA method, which when compared with the standard GSEA method isolate both the up as well as down gene regulations. This will help to cope with heterogenous data and could be used to decipher the molecular signature from such data.
Previously, isolated studies linked the increase in mir-21 level to increase in tumour size, proliferation, invasion, metastasis, and resistance to chemotherapy, and showed that mir-21 exert its carcinogenic effect by modulation of tumour suppressor and inflammatory networks such as NF-κB, PI3K/AKT, BCR signaling and TGF-β [35] . Additionally, mir-21 expression was reported to increase in stepwise manner during progression and transition of healthy colorectal mucosa between stages of precancerous colorectal adenoma and advanced carcinoma [19] .
In this analysis we compared the dysregulation of mir-21 target genes during the transition of normal colorectal mucosa to adenoma and carcinoma. The results revealed that mir-21 down-regulation of the gene targets such as PDCD4 starts from very early stage of adenoma where compared to normal tissues these gene targets were found to be significantly downregulated. These downregulations continue throughout the transition from adenoma to different stages of carcinoma with no significant changes in gene regulation were found from comparing first, the adenoma versus adenocarcinoma, and second comparing the Duke I colorectal adenocarcinoma from the remaining cases staged II to IV. Between the CRC gene targets of mir-21 the 6 genes that were down regulated in both of colorectal adenoma and adenocarcinoma. Table 3 displays gene targets studied by previous investigations. Although the link between these gene targets and colorectal cancer have been experimentally validated previously, the interaction between mir21 and their target genes have been reported only for PDCD4 [36] and thereby further vivo and invitro validations required for the rest of identified gene targets to better understand the role of mir-21 in induction and progression of colorectal cancer.
The current clinical evidence is less clear about the adequate margin for colorectal tumour resection, particularly in setting of early colorectal adenocarcinoma. And although identification of mi21 level by itself might not be enough to guide the adequate surgical margin, using the method described in this study could provide a list of mir-21 targets that could be used not only to cross validate the mir21 level but also as a marker of early cancer.
To make the treatment more effective, colorectal cancer should be detected at an earlier stage where it is easily operable. However, even after complete resection of the colorectal tumour there is a need for active surveillance to avoid any missed adenomas and tumours in addition to detecting any recurrent adenoma and adenocarcinoma at a curable stage and before metastasis [4] . Although colonoscopy is considered as the gold standard for detecting colorectal cancer, it has been reported to have high missed-rate of up to 60% particularly for detection of flat polyps [47, 48] . Hence, there is need for additional measures besides colonoscopy especially for early colorectal cancers.
Previously, Yamamichi et al. [49] analyzed miR-21 expression patterns in different stages of CRC, and discovered that higher miR-21 In the current meta-analysis and bioinformatics, we have added that mir-21 and it is target genes could be used to detect adenoma from that of normal colorectal tissue as well as to detect the adenocarcinoma from healthy colorectal tissues.
In this meta-analysis study, the circulating levels of mir-21 were available only from two separate reports that showed a trend towards worse prognosis, however, this would benefit from further confirmation on larger number of studies. Taken together, the expression level of circulating mir21 and its gene targets (ABCB1, HPGD, BCL2, TIAM1, TLR3, and PDCD4) could potentially help in lowering the missed rates during colonoscopy of adenoma and adenocarcinoma as well as providing a more accurate delineation of surgical margins through immunohistochemistry of the target proteins on colorectal biopsies taken during colonoscopy. Having a panel of biomarkers can also identify cases where the tumour size or lesion is small which may lead the gastroenterologist to carry out more focused examination of the patient. In addition, the time and cost of measuring miRNAs expression is decreasing through the use of better technologies as well as faster experimental protocol [50, 51] . Finally, a combination of mir-21 and its target genes could be useful in long term follow-up and active surveillance of colorectal patients' post-surgery". 
Conclusion
This meta-analysis identified mir-21 as biomarker for CRC. In addition, our current three steps bioinformatics approach identified ABCB1, HPGD, BCL2, TIAM1, TLR3, and PDCD4 as common targets for mir-21 in both of adenoma as well as adenocarcinoma. The approach in this study proposed combining the big data from the scientific literature together with novel bioinformatics to bring about a methodology that can be used to first identify which microRNAs are involved in a specific disease, and then to identify a panel of biomarkers derived from the microRNAs target genes, and from these target genes the functional significance of these microRNAs can be inferred.
